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Standard Model !_

The model describes successfully all the

experimental data . ELEMENTARY
What we know: PARTICLES

2 SUR)®SU(2)®U(1) basic symmetry
@ 3 generations of quarks and leptons
* EM, Weak and Strong Force

No BSM particles or forces seen

What we do not know:
Why 3 generations?

VPN . I II III
What distinguishes the 3 generations? Thirce Genérations of Matter
How is the symmetry broken?

What is the origin of mass?

&« & & &

MANY OPEN QUESTIONS! Too many to list here !
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Standard Model EWKSB !_

EWK theory unifies EM and Weak forces,
buty and W/Z masses are very different

Higgs mechanism explains SB

* Gives masses to the Z and the W=

* Gives masses to charged lepton and
quarks through the Yukawa interaction.

Predicts mixing among the generations

Predicts the existence of the Higgs boson

If the Higgs exist, new physics is necessary
to stabilize its mass

Top is the heaviest quark. Yukawa coupling
g ~ 1
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Top Mass in the SM =

'

w b ”‘ — Quantum loop corrections to
ol N * “ ) R many EWK observables are
= aasasaaaay sensitive to the top mass

- Top Mass is highly correlated
~ M2 ~ log(M,)) to My and My in EWK theory

weaswement 7 oot EVWKAfit using 15 SM precision measurements

1 3
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Top Mass and Higgs Searches | 1"

'.

| will talk about the status of top mass measurements and Higgs
searches at CDF, show also combined results with DO

Measurement error on M+ has LEP direct search:
improved since 1994 M,> 114 GeV/c? @ 95% CL
E .h...“ oo Tevatron Run | and 2005
“ A i i CDF-DO0 combination limits
o L - 80, ———ovairon fun i Preliminary

i Quigg Rors ot o %70 ‘JLdt=0.3-1.Oib'1
""""" . o £ 60 | e——
Yanr = 50 ~— Runl CDF Observed (0.11b")
Miop = 174 +10 *13 GeV B e
§§ 30 T et
20 L T L -
[/ events 10 :::;....--' .
CDF 1994

140 160 180 200
Higgs Mass (GeV/cz)
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The Tevatron

Luminosity (1/pb)
= T ‘P‘uqz T T T ‘ P”Pa T T ‘P“G“i T T \ulﬂnﬁ\ ‘ \u“\mﬁ T T \u\1m7| T -
45001 | | | | =
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3500 ; 3 / /-
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> 10005 Acguired i / B
~ - = = s ."-. M\ e RN N R SRR R SRR R
Main Injector 1%00 2000 3000 4000 5000 6000
& Recycler ; store number

e

— o mily ==

Tevatron has been doing very well.
Expect 6-7 fb-1by end FY09

Record luminosity: 3.18x1032 cm2 s-1 Depending on funding, Tev will run
July 5, 2008 through 2010: expect 7-9 fb-1
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CDF Il Detector

Solenoid
e

Central iy
calorimer /// T >x2<
% ; \\\l

Silicon and
drift chamber
trackers

Performance for precision mass measurements:
electrons: 13.5%/VE;®2% in Central region

muons :  o(p1)/p71=0.1% p+
jets : ( 0.1xE; +1) GeV
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Top Production and Decay | “Lr

t t Production at the Tevatron: Top is heavy: decays very fast!

p t tt >W bW b
_ q _<t_ [(t — Wb) ~ 1.5 GeV, t=4x10*sec
P 3 No hadronization

tt topologies

1 Total inelastic o
10°
10 Y - mb u
10 °
10 [ + 4JetS
10° fub
1010-8 W 4000
1610_10'nb > 400 ’C _ | .
L tt ® 9 6 jets
_10 “nb . i
10 _14J)\ 21 + 2jets
10_10 " Higgs (ZH + WH)
R o Backgrounds mostly from W and Z +jets
Higgs mass GeVy/c? production, some from single top
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Top Quark Topologies I

Reconstruct top events tt-->W-bW+ b

Many channels, depending on decay of the two W's
Events in 2 fb-1 after optimized selections
m Dilepton : 2 leptons, missing energy (2v), 2 jets
~120 candidate events , S/B~1:1. S/B ~ 4:1 (= 1 b-tag, ~50 events)
m [ eptontjets : 1 lepton, missing energy (1v), 4 jets
~370 candidate events, S/B ~ 4:1 (with = 1 b-tag)
m Alljets: 06 jets
~ 490 events , S/B ~ 2:3 ( 2 b-tags + NN selection)

Main requirements for top property measurements:
@ Need tagging of b-jets to achieve the S/B ratio shown above.
@ Need good jets reconstruction to reduce systematics from:
detector effects, absolute Jet Energy Scale (JES), etc.
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Tools: tagging of b-jets

" | 7 layers of detectors in
| central region, starting at

o e o % 2.5 cm ending at 22 cm.

4P a4 Good resolution on
Primary vix ‘flu :fl impaCt parameter-
f"”}\ Impact parameter Allows diSplaced
vertex tagging

Efﬁciency per b_jet — (40 + 3)% o SecVix Tag Efficiency for Top llJ-Jets
Efficiency for c-jet = (9+ 2)% 3 oof o
Effic. per top event = (60 + 3)% : ’ :

FOF H% bb, M=120 = (60 _|__ 3)% 0‘25_ Top MC scaled to match data

0.1F Only b-jets with <1
Y] BRI PN EEPEIN EPREI EPRE SR SV R
20 40 60 80 100 120 140 160 180

Mistag rate = (0.48 = 0.04)% jot Er (GeV)

Lina Galtieri, Pursuing EWKSB at CDF. RAL, July 16 -2008 10




Ty

Tools: Jet Reconstruction | 771+

* Use calorimeter information only Level 1

e Jet calibration done in many steps
o 3% systematics at high p+

o Level 5 q
n Y ] 1 A
”_JCJ Quadratic sum of all contributions ] out C)‘F ‘ T;; Illw fl
S -=== Absolute jet energy scale cone w Tl | ."IJ
% zu:-éf-cor;e; Sp‘zs:-om Par‘tic|e lil\\iz:ér;;” ‘fgf
% u::el::r;g E::rlul: | ] 5 ’I !’Er\_jl!\”--l
S - Level 7 EEL "
D 004 F = :
ol ; W
[ _t 'I '
0 i
T Level 6 A "
50 100 150 200 250 300 350 400 450 500 .'—’ *‘— o
pr (GeV/e) Level 4 "
P £ ) o
Source of the largest uncertainty
on the top mass measurement Use cone algorithm
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L+jets:Sample Composition | =1

* Event Selection

e Isolated lepton, P1 > 20 GeV W
* MET > 20 GeV (neutrino) 859 q ,_,_\i;&(f/ﬁ >
e N (jets): only 4 jets with E+ >20 GeV o 4 N
e >1 b-tag by the SVX algorithm N

e Background (mostly from Monte Carlo)
Mistag in W+light quarks

Y

g {
- non-W QCD (from data) 159
- Physics background: Wbb, Wcc © )
- Single top, WW, WZ etc. g t
non-W QCD 13.8 +11.5 | 0.5 + 1.5 Estimated background:
W +q(mistag) +WW,WZ,ZZ| 21.8 + 3.6 | 0.8 & 0.1 .
W + bb, cé, c 261 £ 10.2 | 3.4 + 1.4 70+ 17 events
Single top 3.0 &+ 0.2 0.9 £+ 0.1
Total background 64.7 = 16.3 | 5.5 2.6 | But: are the top candidate events
Predicted tt signal 182.6 + 24.6 | 69.4 + 11.2
Events observed 284 87 only top+SM background?
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Is the Top Sample OK?

rrrrrrr ||||

|
'.

& Does top behave as a SM quark?
Production cross section: predicted by QCD, EWK theory
Top Decays: t—Wb expected ~ 100%,

qq' (85%), 9g (15%)

Single Top production
via EWK processes

Production cross section;

W helicity (V-A )

@

7

Spin Correlations

Resonance production
Non SM production

=N Kt / .
A & _Mass, Spin,
v \W/ Charge, Widith
p p
- - Branching ratios
}5\)\"‘; R\

Lina Galtieri,
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Top Physics studies

Checking production mechanism:

Standard Model
t t cross section
gq/gg production ratio
Single Top production
Forward-Backward Asymmetry

* New Physics
X-->t t resonant production
G(massive gluon) --> ttbar
W'-->t b use single top sample
t'--> search for heavy top-like quark.
Tt--> stop pair production

Lina Galtieri, Pursuing EWKSB at CDF. RAL, July 16 -2008 14
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Top Cross section (I+jets)

= 3 -1 . -1
CDF Run ll Preliminary (1.12fb ) ., ... CDF Run Il Preliminary (1.12 fb )

‘% i T T T . ET""{;'; - % g-a:_ _______ P 2 e RO T . G I =

EW ingle Top L ]

s s A e AR -

men [ w+Light Flavor I-I:.-I Bﬂ: DTDD B2phi ]

= = [ I Ew & Single Top ]

g} -Non—w g: ?ﬂ:_ ............................................................................ |:|W+Light T _:

£ 500 SN [ w+Charm o r 1

e [ w+Bottom ﬁ 60F - MNon-W ]
] -
s R _ 50
.E s -
g E ] 40:
- 20]
i 10

ol : ; oL e —————— — -
1 2 3 4 25 100 200 300 400 500 600
Number of Jets Event Ht (GeV)
HT>250 GeV Nops — kag

Missing E,>30 GeV. Counting experiment: o7 = (ctag * SF) (epretag fﬁdt)

21 tight tag Signal region: 416 tags, 75+ 15 bkg events

o=28.2% 0.5 (stat) £ 0.8 (sys) £ 0.5 (lumi)
pb
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Top Cross Sections

CDF t t cross section measurements done in many channels,
agree with QCD calculations.
Single top production agrees with EWK expectation

CDF o Single Top production

o)

ttbar) CDF-DO results ttbar

CDF Run Il eretiminary April 2008
" ] Cacciari et al. JHEP 0404.068 (2004)  pssume m,=175 GeVic® CDF and D@ tb+tqgb Cross Section
Kidonakis, Vogt PRD 68 114014 (2003}
. 7F CDF Decision Trees 08
Lepton+Track A = = 1.8 "2 pb
plom Track % 8.3+1.3+0.740.5 221 07
i g R Il imi COF Matrix Elements +08
Lepton+Track:, Vertex ta / un it preliminary A . 2.2 pb
(F|)-=1070 pb’y 9 % 10.141.8+1.140.6 221 0.7
S, —— D@ lepton+jets . i ’ CODF Neural Networks 0.9
DII(E!LES?@X%%%;( 1ag % 9.0+1.1+0.740.5 topalogical and btagged : T.42 053 4040 =045 pb 221 e 2.0 SR pb
08f?
o CDF Likehhood Funcs +0.9
DII(EE):IS?OO Db-1) / 68L1 Ol05l04 D@ dileptans + lepton+track H §.23 ..; T8 oo pb 22 - 1.8 _08 pb
topoiogical and b-tagged o -
‘Lepton+Jets: Kinematic AN / +0.6+0.9+ e CDF Combination a7
(L=760pb ) / 6.00.610.910.3 - . preliminary e 2.2 0.7 pb
) / CDF lepton+jets 84— 8.2 05 408 w05 pb
Lepton+Jets: Vertex Tag brlagged T T
) // 8.2+0.5+0.8+0.5 e, e poarn Tieec —e— 4914 oo
. L ,
Lepton+Jets: Soft Electron T COF dileptans . H1AZ 4072 20,42 +1
{L=2000 Dbﬁ) / 7.8+2.4+1.5+0.5 ot H—e—H 896 . pb D@ Matrix Elements . 48*'% oy
/ e e e 09 fis 1.4
‘Lepton+Jets: Soft Muon Ta /% o
(L=2000 pbﬁ) 9 / 8.7+1.1:0.940.5 e H Ceccian = al JUHEP 0404, DSB (2004) D Bayesian NNs A 44*'® o
My = 175 G2V : b — 08 fb ~1.4
Kidonakis andWegl PRD S8, 114014 (2003)
AMET+Jets: Vprtex Tag / 6.141.2 498,04 | - —
(L=3T1pb ) /Z 06 0 2 4 6 8 10 12 ] D Combination | o 4712
All-hadronic: Vertex Ta 2.0 G (pp = tt) [pb]
(21020 po) 0 / 8.3£1.0 £, ;0.5
. . Il-had M. Kidonakis, PRD 74, 114082 {20006 my = 175 Go
CO(TB '?SS(;’!,‘—‘)SLT'E hed) 7 7.310.5+0.6+0.4 Z. Sullivan, PROTO 1‘.42:2%4; i .
(stat)(syst)(lumi)
N I N N R S R A s 5
0 2 4 Ei ) 8 10 12 14 o (pp — th+X, tgh+X) [pb]
o(pp — tt) (pb)
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Top Properties and Decays

Measurements on:

# Test SM properties
* Top Charge
e Branching ratios (Vy,)
* W helicity (V-A)

# Non SM decays

e t—>H'Db
* t—>Zqg(FCNC)

No evidence for
deviations from
Standard Model
expectations found

Lina Galtieri, Pursuing EWKSB at CDF. RAL, July 16 -2008
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Top Mass Data sample

Frrerrerr ||||
|
|

Comparison of data to signal+expected background obtained by
Monte Carlo and data is very good.

|1 st jet E; (L5 corr)l Lepton P_ [Total tight + loose jets |
L25F
0.1 D jod 12) o pe 0.7 Data (through period 12)

Mean = 4.56

08 RMS = 0.

MC (sig + blgnd)
Mean = 4.50

0.21-

05
33333

015 04
03

0.1
0.2

0.05F 01

5 140 B 60 180 200
MET (GeV)

2
No. of tight + loose jets

0 50 100 150 m%rlﬁﬁ%u 80 100 120 140 18%1{%}9

Main challenge: reconstruct mass at the parton level
@ We reconstruct pp—>tt = WbWb —j,j,blvb

@ We do not measure neutrino's. We measure jets, not quarks.
@ Major systematics is in parton kinematics from jets (JES)

@ Will use the W — j; j, to determine A g in “situ’.
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Top Mass Measurement ME(1)

* For each event we evaluate a likelihood as a function of the top mass
and A g (related to the jets momenta measurements)

* All possible jet permutations are included with weights = wi.

1 1 24

— w; L T PAR T
| m4s Avms) = ey Aoy B 2t LT | 0 )

o N

measured quantities | [normalization| [acceptance 24 Permutations

w w®
Li(y | m¢, Ajgs) —/ﬂ 1)/ (22) TE(7 | Z, Asrs) |M(my, ©)|? d®(Z)

RN bt

—+

Incoming partons] [Transfer functions | |[parton level quantities

* We integrate over phase space (d ®) and Matrix Element (M)
for t t production and decay.
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Top Mass : integration (2) !.

- From 32 parameters in
Z,+Z,=qq by +lepvb,,
assumptions on incoming partons, lepton masses, charged
lepton P and energy-momentum conservation leave a 19-

dimensional integration, performed by Quasi-Monte Carlo
method.

- Integration variables:
M,2and M,2 , the hadronic and leptonic top mass squared

m,2and m,2, the hadronic and leptonic W mass squared
B =log(py/py) s log of ratio of momenta of the two q from W
P-(t t), priors from MC

An (parton-jet) , A® (parton-jet) for each jet.
Mass of each p-jet. All jet priors from MC

Lina Galtieri, Pursuing EWKSB at CDF. RAL, July 16 -2008 20



In situ calibration of JES (3) !_

» Likelihood parameters are m; and A o

* We shift each jet by the factor
JES =1+ Ajgs X 6 e5(PrM)
where ¢ z5(p1.n) is the systematic uncertainty on the jet p;

* A g is determined using the decay
W = 1o
and using the measured value for the W mass

Precision on A g5 Is determined by the statistics we have,
thus a systematics uncertainty is now a statistical one

Lina Galtieri, Pursuing EWKSB at CDF. RAL, July 16 -2008 21
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Top Mass: Acceptance (4)

tt acceptance

i ﬂ#.’
ﬁ@;‘%‘-}.%%.
s Pitel o g =
o o TR e P | B
*n?ﬂ“‘f’“‘?ﬁ:qiu@lm My
S T A I e

T o e

= Strong dependence on the
top mass and on A g5 and
on m;

e

Due to the 20 GeV threshold
on the 4 jets
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Top Mass: Transfer Functions (5)[2."

BERKELEY LaB

- The transfer functions for a given parton x, give the probability that
we observe y. Detector effects, resolutions etc. are included

- Both angular and P+ transfer functions are used

- Multiplied by efficiency for proper normalization
- Transfer functions depend on jet mass as well as on P (in | bins).
Also they are evaluated for 25 values of A jgs.

P- ratio= P(jet)/P(q) P+(q)=40 GeV, m;;=30 GeV

Transfer Function ] Light quark angular transfer function,n=0,m =5
Qo

12250
© A
> ]
'-l_'-ZDU—:
1504

100

- 20
Pt Ratio Pt (GeV/c)
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Top Mass: include background(6)|

* Log(Likelihoods) for each event are added together

e Background ME is not used

* Background contribution is subtracted.

log Ly = log L; — fve(q:) log L(background)
g g

()

fog

fhg (@) = B(q)/(S(q)+B(q))

The NN discriminant uses 7 kinematic

variables: pr(of 4 jets), Eq(lepton), Hy

F- and 3 shape variables(Aplanarity,
DR(j j)min, HTZ)

| Neural network discriminant

T

rrrrrrr ||||

|
'.

Is the fraction of events like event i , which are background.

_____
.........
------

-----------------

uuuuuuuuuuuuuuu
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Top Mass: Likelihood cut(7)
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After background subtraction we apply a
cut on the final likelihood

+ About 35% of the events do not behave

according to our model:

jets due to Initial or final state radiation
W decays into taus

contamination from other top topologies
* Background events have a low L tall

likelihood cut efficiency

Type of event | Total | 1-tag | >1-tag
Good signal 96.6% | 96.0% | 98.0%
Bad signal 80.2% | 80.5% | 79.5%
Background 74.4% | 74.5% | 71.8%

Likelihood peak values
_Event fraction

02 -

o

A5
0.1 -

0.05-

e

1 I 1 1 1 I T ' ; ! I ! I 1 ! 1
-2 0 2 4 6 8 10 12 14 16 18
Log-likelihood value at peak
[]Background

|Bad signal [ | Good signal

We loose only 3.4% signal events
while rejecting 19.8% of bad
signal and 25.6% of background
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Top Mass: MC Calibration(8) !_

We use 12 mass point between 160 and 185 GeV/c? to
calibrate the method

Mpneas =( 0.953+ 0.009) X My, 5m(172)=1.5 GeV/c?

s s -1
2 | ndlf 8.152 /10 CDF Run Il Preliminary 1.9 fb #* I ndf 6.397 /10
Prob 0.614 2 Prob 0.7809
o Value at 172 171.5 + 0.0751 NH = Valueat 172 1.514+ 0.01395
= 185 Slope 0.9526 + 0.009797 > 1.9 Slope 0.005563 + 0.00182
Q
5] O 1.8
- 1=
£ 180 = =
k- @
5 175 B 165 * *
72} =
© S 1.5F +
2 a
s 170— a F
2514
155:_ 1.3;—
C 1.2
160 [— . Errors scaled by 1/0.9526
550 0 0 L 1 e b 'i'EZIlllll
755 160 165 170 175 180 185 ) 5 160 165 170 175 180 185 )
Input m, (GeV/c") Input m, (GeV/c")
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Top Mass: Systematics (9) | =l*

Systematics on the measurement:
Method:
calibration, background (3 terms)

Physics:

Systematic source Amy (GeV/c?)

MC generators, ISR/FSR, e .

PDF's, background Q2 MC generator 0.37

ISR and FSR 0.50

Residual JES 0.60

Detector: s ==

. Lepton Py 0.18

JES, lepton py, permutation Permutation welghts 0.01

: : Pileup 0.05

welghts, pileup PDFs 0.41

Background: fraction 0.27

Backg: composition 0.24

Backg: average shape 0.04

Backg: Q2 0.08

Total 1.11
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Top Mass results (10)

Comparison of MC likelihood
with data: quite good

2D likelihood from data (302 ev.)

CDF Run Il Preliminary 1.94b

CDF Run Il Preliminary 1.9 fb”
= 3 . Number of events :
= K| B0
[1s] 5 .
W 2f 70- ]
<] L 1
i 60
1k ] }
- 507
o a0- :
E 30-
-1 : 20 % }
101
2 1 [ i i
D_

-2 0 2 4 6 8 10 12 14 16 18
Log-likelihood value at peak

Signal (172) + background MC = Data events
I Background MC

My, = 171.4 + 1.1 (stat.) = 1.0 (JES) = 1.1 (syst) GeV/c? = 171.4 + 1.8 GeV/c?
Also find Ajeg = (0.03 £ 0.31), i.e., statistics limited
Best CDF mass measurement with 1.9 fb-1
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Top Mass summary

Best Independent Measurements
of the Mass of the Top Quark (-=preliminary) CDF TOp Mass Uncertai nty
i (I+l and I+j channels combined)
CDF-I dilepton O— 167.4 + 11.4 10 1 i
D@-  dilepton o 168.4 + 12.8 ~ Z
CDF-Il dilepton* —C 1712+ 3.9 LS} 16" 2f' 4" 8fb’
D@-Il dilepton* —0— 173.7 6.4 % v
CDF-l lepton+jets —@ 176.1 £ 7.3 o
D@-l lepton+jets [— 180.1t 5.3 "_‘;‘
CDF-ll leptontjets* i’ C 1727+ 24 — "
_ ,I- O ¥ CDF Results Yy,
D@-Il lepton+jets* =Y 1722+ 1.9 St M 70
: ] i "'*.‘ o N
CDF-l1 alljets ! @ 186.0 £ 11.5 = 17 % Run lla goal (TDR 1996) ot [
CDF-Il alljets* +o— 177.0 £ 4.1 <
CDF-Il b decay length ! . 180.7 + 16.8 ) Scale A(stat) NE, Fix A(syst)
! X% dof = 6.9/ 11 1 (assumes no improvements)
Tevatron Run-I/II* (08%) 172614 |7 Scale A(total) /L
?| 070 (improvements required)
T T = T ™ I T T T T T ™TrT I T T T T T ™rr I
2 3 4
150 170 190 March 2008 10 10 10

Top Quark Mass [GeV] Integrated Luminosity (pb”)

New measurement
M=171.4 + 1.8 GeV/c?

not yet included
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EWK Fit: Winter 2008 g

Winter Conferences EWK Fit, gives MH < 190 GeV/c?

5 | ‘-‘_‘. —3‘;[;5%5;0,00035 Wi nter 2008 best Fit

47 WL\ = inct lowGFeara
R

2 M, =877 GeVI/c?

0_ Excluded N\ I,_-:'-';::::.; Prelirninary_ and

30 100 300
M, [GeV] Mn< 160 GeV/c? at 95% CL

ook spsimeralemoneect; ] Direct limit:

= é My > 114 GeV at 95% CL
i ! adding the direct limit

M,, [GeV]

Mp< 190 GeV/c? at 95% CL

160 165 170 175 180 185
m, [GeV]
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SM Higgs Searches

& W
5 HoWW

E i hoawetn|  FOr M<135 GeV H—bb favored decay
el | For M >135 GeV H—WW favored decay
ATNET20GeV | gyl imsmsszime
= = |o(WH)xBR=0.104 pb [T e
...~ |o(ZHXBR=0.064pb | ¢
;o ecay | |5(Wbb)=40 pb el CE
B | St =85 20 P m“‘;:fw ; e wzm =
At M=160 GeV L -12?323”11
H—-WW sig =9.5 ev O T TS
e, bkg=661 ev
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Higgs Searches !_

Searches are becoming sophisticated : new tools are being used

\Events produced at CDF in 1 fb'1|

w 70

s Increase lepton acceptance: AN
» Use isolated tracks inu or e ID gaps ;g::\
» Add other triggers fgff\:\\
» |ncrease acceptance by 25% for u (WH) Pio™120 130 140 150 160" 770 B0

Higgs mass (GeV)

» Increase acceptance by 7% for lep. (WW)
» Neural Network b-tagging to reduce mistag and charm jets
> Use Matrix Element Integration to distinguish signal from background

thh
P(Zops) = o f e(¥) G(Xobs,¥) dy

\ parton level quantities
Matrix Element Transfer functions

o Use Multivariate approach (Neural Network) to separate signal
from background
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WH-Ivbb ey

Selecting W+2jets events:

» 1 Isolated high P+ lepton (>20 GeV)
» Large missing E1 >20 GeV

» 2 jets with E;>20 GeV and |eta|<2

» B-tagging: 2b(tight+loose) + 1b(tight)

Verify background calculation
on all jet multiplicities

Main Backgrounds

W+ bb,cc : dominant
Wqq' mistag

- 4 .
CDF Run Il Preliminary (1.9 fb ) CDF Run Il Preliminary (1.9 fo)
£350
[

—e— Data

'; 300 B v
C

i Tight @
= nonW QCD
Non-W QCD u Double Sirews
[l piosonz>w
tt, single t, WW, WZ s
- -
T wm, e e e
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WH — Ivbb

Ty

reerrernrsr

Two-jet mass distributions show no excess (Tight refers to b-tagging)

CDF Run Il Preliminary (1.9 fb'1)

£160 e Dam

g - VHE

2140 [ Mistag

=3 [ tt (6.7pb),Single top
[5 Il Diboson

=120 [ NonW

E —— Higgs (120 GeV) x 10
g 0 Background error

Tight
Single

2
o
[TT T[T T T[T T[T TTT 77T

250 300 400 450 500
Dijet mass(L5)

OO

50 100 150 200

Number of events

CDF Run Il Preliminary (1.9 fb4)

—— Data

20

r . WHHF ‘g 22

il [ Mistag 2
18: [ ti (6.7pb),Single top .z 20

L I Diboson o
16 [ NonW s 18

C Higgs (120 GeV) = 10 =2
14, > 2 Background error E 16
120 b =14
5 12

10f

o

50 100 150 200 250 300 350 400
Dijet mass plus

CDF Run Il Preliminary (1.9 fb’1)

—e— Data

B WAHF

[ Mistag

[ tt (6.7pb).Single top

Il Diboson

I NonW

—— Higgs (120 GeV) > 10
~o0 Background error

Tight

& Double
“ o IH ) | |

50 100 150 200 250 306 350 400 450 500
Met imbalance

Data consistent with SM backgrounds

Discriminant:
ij I:)_I_imb |:)_I_sys
M min Drlv E_I_jets

v

‘CDF Run Il Preliminary 2.1 fb"'

Wiee
[ i
I
[ Singe To (s han)
[ Singe Top t<han)
W

Wz

/A

Isn
[ Yorev

WALF (mistag)
— WH{120Ge¥) (x 10)
—— Difa

| Background Emor

0 0102 03 04 05 06 07 08 09 1
Neural Network Output

Weth

‘CDF Run Il Preliminary 2.1 fb™'

10|

8 Tight
of} Double

0
0 01 02 03 04 05 06 0.7 0.8 09 1
Neural Network Output

3

A
1]
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|
'.

DF II Preliminary
IIIIIIIII

2
|
:
:

95% CI'_J. Limit/SM
"

ol
=]

110 120 130 140 150
Higgs Mass (GeV/c?)

WH — [vbb Low Mass Limit

2.1 fb-1 limit at M,;=115 combining
all 6 classes of events:

Observed/expected limit:
6.4/6.4xSM at M,,=115

For low Higgs mass many channels have been studied.
They all contribute to the final limit (see later)

WH Ivbb ~40%
/H 1lbb ~10%
/H vvbb ~40%
WH (Dvbb ~10%
VH 1 t+2jets ~10%
VH jjbb ~10%
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High Mass Higgs Signatures

H—-WW-—llvv: 2 opp-sign Leptons + Met

WH —-WWW*->[t:yvX: 2 same-sign Leptons + Met
Major backgrounds: WW, WZ, ZZ, top, QCD...

P

P
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Higgs — WW—Ivlv reeeecd] B

'.

Event selection: g e
T I_T>j:4,50-_ My (160 DVWv;V awy
® 2 OS Ieptons, E::* 300 HZZ E\é\f;jets
Pry > 20, Prp>10GeV = o [
(use ISOTR + good ID) ol ol

* N(jets) < 1 acceptance for both %

e MET > 20 GeV W into leptons: 6% e on | an  emk  umk

H— Ivlv expect 9.5 + 1.1 signal events in 2.4 pb
CDF Run II Preliminary [L=24fb7"

Backgrounds: My = 160 GeV/c" - -
WW H—WW 95 + 1.1 s e
WWw 300.3 T 38.1 1200 o
DY WZ 205 + 3.1
77 182 + 27 of
Wy t 208 + 38 i3
WZ DY 1040 + 230 i
W 724 + 187 .
WH W+ jets 802 + 228
Total BG 626 + 54 Do R 60 80 100 120 14D
Data 661 -

HWW ME+NN
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Analysis based on ME integration + NN discriminant
1 do:,(¥) e

(.)—;) G()_C'Obwy) d.)_;

Use ME for 5 background processes:
HWW, WW, ZZ, Wy, W+jets

COF Run |l Preliminary J Letdm’ CDF Run Il Preliminary IL:ZMb"
HWW LENN [ HWW ME+NN IISB
50 80 WA
B i Wrets
g Wy
B ff
Wz
7
Y
+Dam

uua:-tummmmmmmm
dimass dPhiLeptons
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Higgs — WW— |vlv

NN discriminant: LRNN+Kinematics (oo
LRNN inCIUdeS: . HWW ME M, = 160 [GeV/c"] H'g:‘i’ﬁ
5 Matrix Element likelihood ratios

LRm — P (fobS) \

o Pm (fobs)+zi kiPi (fobs)

Final NN: add kinematics e
MET, Ad,, AR, m,

CDF Run Il Preliminary JL =24 b’
CDF Run Il Preliminary J L=24f" HWW ME+NN M, = 160 [GeV/c]] Highss
g : =
i Wi
[ | s s e e ) reeemreninees == ME+NN Expectation mWr
10? =i
WZ
e 2z
R L T 1l
5 10
b =
=
=1
(_: 10 1k
o\ =
2]
»
10"
= et o e raeT ps v 10°
110 120 130 140 150 160 170 180 190 200

Higgs Mass [GeV/c’] 1 08 06 -04 02 0 02 04 06 08 1
NN Output

obs/expected limit is 1.6/2.4 x SM
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Summary of CDF Higgs limit | ===

'

CDF 11 Preliminary

1 1 ] ) 1
——— WHlvbb 1.9/fh
------ Expecte(]

—— ZHwvbb 1.7/fh
.‘- ...... Etpectq]
$ e ZHIIbb L/fh
------ Expected

-
<

Hz t 2fh
: Expected
: HWWIlvv 2.4/fh
<« Expected
w——— (DF for 1-2.4/fb
....... Expected CDF + 1o

95% CL Limit/SM

ik
=

| | |

1 l L ) ; L |
120 140 160 180 200

Higgs Mass (GeV/c?)

observed/expected 5.0/4.5 x SM at M=115 GeV/c?
observed/expected 1.6/2.6 x SM at M=160 GeV/c?
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Combined CDF- D@ Higgs limit |-

Tevatron Run II Preliminary, L=1.0-2.4 b

2
2 10 T o e e DRt e KU b o oY S o P Bl e o L i
n : -"""'“TeV'atron'Expected“'"""“"E
§= —— Tevatron Observed |
) I +lo === CDF ExpA
d 10 Ly, ] = = 5 R s 2 DY EXp
= o o 3
u
(@)}
1
|_April 9, 2008

:. .i- .i i o i y i . ]
110 120 130 140 150 160 170 180 190 200
m,,(GeV/c”)

observed/expected 3.7/3.3 x SM at M=115 GeV/c?

observed/expected 1.1/1.6 x SM at M=160 GeV/c?

Lina Galtieri, Pursuing EWKSB at CDF. RAL, July 16 -2008 41




—_
=2}

[
-2

p
g
£
.|
=
L
2
&
0

14

—_
=

0o 1 2 45 6 .7
Integrated luminosity/Experiment (fb™)

Tevatron Sensitivities

mH:IIS GeV

i —— Summer 2005 Channels
i —— Summer 2006 Channels
— arXivi07L2.2383 (2007)

——  Winter 2008 Channels

With Improvements

Expected Limit/SM

[
2

._.
o

=

m, =160 GeV

Summer 2005 Channels
Summer 2006 Channels
Summer 2007 Channels

Winter 2008 Channels

With lmprovements

0 1 2 3 4 5 . 6 7
Integrated luminosity/Experiment (fb™)

Higgs Sensitivity improves better then 1/sqgrt(L)
* with more data, new handles
* more advanced analysis techniques

Ty,
&

A
rerrern”m 11

Lina Galtieri, Pursuing EWKSB at CDF. RAL, July 16 -2008

42



Future prospects iy

Improvement Factor=—2_25

Luminosity/Bperiment (1)

....|....|....|....|....|....i...1731'1':‘-"1.'3’.2.9’12.008

110 120 130 140 150 160 170 180 190 20{}
my,, (GeV)

o

With 8 fb-1 of data by 2010, CDF and DO could
o either exclude Higgs with M;<185 @ 95% CL

e or find 3o evidence for Higgs near M,;=260 GeV/c?
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Summary =y

Tevatron doing well: increasing integrated luminosity rate,
may run to 2010 (depending on funding)

CDF is taking lots of data and can sustain data taking and
analysing through 2010, if the run is extended

Results on top properties coming out continuously: no
deviation from SM observed as yet

Top mass measurement has a 1.8/171.4 =1.1% precision
Statistical and systematic uncertainties are ~ equa |

Higgs searches are very active: improving the methodology to
obtain limits at a faster rate than by adding data

Of course, with LHC starting soon, the saga will continue!!
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BACKUP SLIDES

MORE INFO
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Non-standard Top production 3

[BERKELEY LAH \\'.

— th .
Search for resonant t t states Search for heavy top, 4™ generation
pp —X0 — tt t - Wq
Reconstruct the t t system by ME Motivated by BSM models
techniques, then test for excess 2D fit of Hy -vs M(t t)
33 Ao _ COFRIN 23] |
7 _— £ Preliminary
=7 i o1 t—-Wg, > 4 jets
m,gﬁ " I; 1'_ Ht vs Mieco
- I NS,
| upper limits obeerved
: 0.1 L theoretical prediction
2 P Bonciani et al.
+ T Nucl. Phys. B529(1998) )
A N s v v 200 300 400 500
I:H-ED 500 550 800 G50 TOO TS0 Bhﬁn%gﬁ;éﬂ% t' mass (GEVsz}

Exclude topcolor Z' (I'=1.2%M,,) Exclude
for My < 725 GeV/c2 @ 95%CL ~ for M< 284 GeV/c> @ 95%CL
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Top into H* Search reeeecd] B

'.

) Search for:
|Vp|~0.99
{ t — H*b

MSSM predicts H* — cs for tanf3 <1

Assume BR(H* — cs) =1 -
2.2 fb-!

Data fit with MH120 template[CDF Runll Preliminary]

Fit dijet invariant mass 2 o s | gop SR Py BIR]____
with W and H+ %::‘ w w1 s é. M_ ..... Tenclal
templates, assuming f, = ;— """" e S;Z“;iiii‘;f. o
10% t — H+ decay. 2 iy o
151 :
° + S
NO eVidenCG fOund °o 20 40 60 80 100 120 140 160 180 ?«::"'éio"'1'116"iié"izié"iaié"iié"isié"iso

M(di-jet) [GeV/e?] M{H)|GeVie']
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Quasi-MC Integration

1 . o .-i- . .----: 's
Fia r’ e :

Random Sequence

I - -.-l'iq. - - 'It.!"'
1.1--"- '&I".‘l"!.q.".:. r‘

..ﬁ.':i 4 P

-

-

-

"
of 4
P
A

{6

Best integration method in high dimensions.
Started seeing significant practical use in late
80s. To our knowledge, the first study of QMC
for HEP-related integrals was published in 2006
(by Kleiss and Lazopoulos).

Quasi-MC integration uses “low-discrepancy”
sequences (we use a variant of the Sobol
sequence, plotted on the left) to provide more
uniform coverage of the phase space.

For “well-behaved” functions, convergence rate
is guaranteed to be at least as good as
O(log(N)%/N). Compare with O(1/v/N) for
standard MC.

We use QMC for 18 dimensions out of 19.

Convergence is estimated empirically, from the
smoothness of the likelihood curves.
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